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This report is one volume of a Design Analysis Report prepared by LaRC 
on portions of the pressure shell for the National Transonic Facility. This 
report is to be used in conjunction with reports prepared under NASA 
Contract NASI -13535(c) by the Ralph M. Parsons Company (Job Number 5409-3 
dated September 1976) and Fluidyne Engineering Corporation (Job Number 1060 
dated September 1976). The volumes prepared by LaRC are listed below: 
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NTF DESIGN CRITERIA 
FOR 304 STAINLESS STEEL 


GENERAL 

THE DESIGN OF THE PRESSURE SHELL REFLECTED IN THIS REPORT ' 

SATISFIES THE DESIGN REQUIREMENTS OF THE ASME BOILER AND PRESSURE 

VESSEL CODE, SECTION VIII, DIVISION 1. SINCE DIVISION 1 DOES NOT 1 ' 

CONTAIN RULES TO COVER ALL DETAILS OF DESIGN, ADDITIONAL ANALYSES i 

WERE PERFORMED IN AREAS HAVING COMPLEX CONFIGURATIONS SUCH AS THE I 

CONE CYLINDER JUNCTIONS, THE GATE VALVE BULKHEADS, THE BULKHEAD- ! 

SHELL ATTACHMENTS, THE PLENUM ACCESS DOORS AND REINFORCEMENT 

AREAS, THE ELLIPTICAL CORNER SECTIONS, AND THE FIXED REGION (RING 

S8) OF THE TUNNEL. THE DIVISION 1 DESIGN CALCULATIONS, THE 

ADDITIONAL ANALYSES AND THE CRITERIA FOR EVALUATION OF THE RESULTS 

OF THE ADDITIONAL ANALYSES TO ENSURE COMPLIANCE WITH THE INTENT OF 

DIVISION 1 REQUIREMENTS ARE CONTAINED IN THE TEXT OF THIS REPORT. . I 

THE DESIGN ANALYSES AND ASSOCIATED CRITERIA CONSIDERED BOTH THE 

OPERATING AND HYDROSTATIC TEST CONDITIONS. , 

IN CONJUNCTION WITH THE DESIGN, A DETAILED FATIGUE ANALYSIS OF THE 
PRESSURE SHELL WAS ALSO PERFORMED UTILIZING THE METHODS OF THE 
ASME CODE, SECTION VIII, DIVISION 2. 


MATERIAL 


THE PRESSURE SHELL MATERIAL SHALL BE ASME, SA-240, GRADE 3QU FOR 

PLATE AND SA-18 2, GRADE F3 04 FOR FORGINGS. THE I^TERIAL PROPERTIES AT J 

TEMPERATURES EQUAL TO OR BELOW 15 0°F ARE AS FOLLOWS; /j 

(A) PLATE 

YIELD = 30.0 KSI 
ULTIMATE = 75.0 KSI 

(B) WELDS (AUTOMATIC, SEMIAUTOMATIC, OR "STICK") 

YIELD = 30.0 KSI ' • 

ULTIMATE = 75.0 KSI 

OPERATING, DESIGN AND TEST CONDITIONS 

THE OPERATING, DESIGN AND TEST CONDITIONS FOR THE TUNNEL PRESSURE 
SHELL AND ASSOCIATED SYSTEMS AND ELEMENTS ARE SUMMARIZED BELOW: 


iv 


1 . OPERATING MEDIUM 

ANY MIXTURE OF AIR AND NITROGEN 

2. DESIGN TEMPERATURE RANGE 

MINUS 320 DEGREES FAHRENHEIT TO PLUS 150 DEGREES 
FAHRENHEIT, EXCEPT IN THE REGION OF THE PLENUM BULKHEADS 
AND GATE VALVES INSIDE A 23-FOOT, 4-INCH DIAMETER, FOR 
WHICH THE TEMPERATURE RANGE IS MINUS 320 DEGREES 
FAHRENHEIT TO PLUS 200 DEGREES FAHRENHEIT. 

3 . PRESSURE RANGE 


TUNNEL 

CONFIGURATION 


OPERATING DESIGN 

PRESSURE PRESSURES 

RANGE, PSIA PS ID 


A. CONDITION I - PLENUM 
ISOLATION GATES OPEN 
AND TUNNEL OPERATING: 


TUNNEL CIRCUIT 
EXCEPT PLENUM 


8.3 to 130 


A. 8 EXTERNAL 

B. 119 INTERNAL 


PLENUM (PLENUM PRESS- 
URE IS LIMITED TO 
.4 TO 1 TIMES THE 
REMAINDER OF THE 
TUNNEL CIRCUIT 


3.3 to 130 


A. 15 EXTERNAL 

B. 119 INTERNAL 


BULKHEAD 

B. CONDITION II - PLENUM 
ISOLATION GATES OPEN 
AND TUNNEL SHUTDOWN: 


56 (EXTERNAL TO PLENUM) 


ENTIRE TUNNEL CIRCUIT 8.3 to 130 


A. 8 EXTERNAL 

B. 119 INTERNAL 


BULKHEAD 


0 


C. CONDITION III - PLENUM 
ISOLATION GATES AND 
ACCESS DOORS CLOSED: 

TUNNEL CIRCUIT EXCEPT 8.3 to 130 A. 8 EXTERNAL 
PLENUM B. 119 INTERNAL 


V 


I 


PLENUM (PLENUM OPER- 0tol3U A. 15 EXTERNAL 

ATING PRESSURE CAN B. 119 INTERNAL 

EXCEED THE PRESSURE 

IN THE REMAINDER OF 

THE TUNNEL CIRCUIT BY 

24 PSI, BUT DOES NOT 

EXCEED THE 130 PSIA 

MAXIMUM OPERATING 

PRESSURE) 

BULKHEAD A. 25 (INTERNAL TO 

PLENUM) 

B. 119 (EXTERNAL TO 
PLENUM) FOR MINUS 
320 DEGREES 
\ FAHRENHEIT TO 

PLUS 150 DEGREES 
FAHRENHEIT 


*C. 115.7 (EXTERNAL TO 
PLENUM) FOR PLUS 
151 DEGREES 
FAHRENHEIT TO PLUS 
200 DEGREES 
FAHRENHEIT 

^OPERATING PROCEDURES LIMIT PRESSURES TO THAT SHOWN. 

D. CONDITION IV - PLENUM 

ISOLATION GATES CLOSED 

AND ACCESS DOORS OPEN: 

TUNNEL CIRCUIT EXCEPT 8.3 to 130 A. 3 EXTERNAL 

PLENUM B. 119 INTERNAL 

PLENUM 14.7 0 

BULKHEAD A. 119 (EXTERNAL TO 

PLENUM) FOR MINUS 
320 DEGREES FAHRENEEIT 
TO PLUS 150 DEGREES 
FAHRENHEIT 

*B. 115.7 (EXTERNAL TO 
PLENUM) FOR PLUS 151 
DEGREES FAHRENHEIT TO PLUS 
200 DEGREES FAHRENHEIT 

^OPERATING PROCEDURES LIMIT PRESSURES TO THAT SHOWN. 
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4. HYDROSTATIC TEST DESIGN CONDITIONS 

THE PRESSURE SHELL WAS DESIGNED FOR HYDROSTATIC TEST IN 
ACCORDANCE WITH THE REQUIREMENTS OF THE ASME CODE, SECTION 
VIII, DIVISION 1. THE TEST PRESSURES SHALL BE AS FOLLOWS. 
PRESSURE SHELL TEMPERATURE SHALL BE EQUAL TO OR BELOW 
lOQOF DURING HYDROSTATIC TESTS. 

CONDITION (1) - MAXIMUM INTERNAL PRESSURE CONDITION 
FOR THE ENTIRE TUNNEL CIRCUIT 

PHj^ = 1.5 (119) (j|^) + HYDROSTATIC HEAD 

= 183.4 PSI + HYDROSTATIC HEAD 

CONDITION (2) - MAXIMUM DIFFERENTIAL PRESSURE CONDITION 
ACROSS THE PLENUM BULKHEADS 

PH 2 = 1.5 (j|-^) (119) + HYDROSTATIC HEAD 

= 183.4 + HYDROSTATIC HEAD 

PHj* = 1.5 (115.7) (j|“4) ♦ HYDROSTATIC HEAD 

= 183.4 + HYDROSTATIC HEAD 

*TUNNEL OPERATION LIMITATIONS PRECLUDE PRESSURE 
DIFFERENTIALS ACROSS BULKHEADS IN EXCESS OF 
115.7 PSI FOR BULKHEAD AND GATE TEMPERATURES 
IN EXCESS OF 150®F. 

CONDITION (3) - MAXIMUM REVERSE DIFFERENTIAL PRESSURE 
CONDITION ACROSS THE PLENUM BULKHEADS 

PH 3 = 1.5 (^1^) (25) = 38.5 PSI 

THE PRESSURE SHELL EXCEPT FOR THE PLENUM SHALL BE 
PRESSURIZED TO 144.9 PSIG. THE PLENUM SHALL BE 
PRESSURIZED TO 183.4 PSIG. 

PRESSURE SHELL STRESS EVALUATION CRITERIA 


THIS CRITERIA ESTABLISHES THE BASIS FOR ANALYSIS AND DESIGN OF THE 
PRESSURE SHELL SO IT WILL MEET OR EXCEED ALL OF THE REQUIREMENTS 
OF SECTION VIII. DIVISION 1 OF THE ASME BOILER AND PRESSURE VESSEL 
CODE AND CAN BE STAMPED WITH A DIVISION 1 "U" STAMP. 

1. SECTION VIII, DIVISION 1, DIRECT APPLICATION 


(A) THE MAXIMUM ALLOWABLE STRESS (S) 

S s 18.2 KSI (-320®F TO +150°F) 

S = 17.7 KSI (-320®F TO +200®F) 

(B) PRIMARY BENDING PLUS PRIMARY MEMBRANE STRESSES 

THE LOCAL MEMBRANE STRESSES ARE NOT GENERALLY 
CONSIDERED IN SECTION VIII, DIVISION 1 DESIGNS. 

HOWEVER, FOR THE PURPOSE OF DESIGNING LOCAL 
REINFORCEMENT AT BRACKETS, RINGS OR PENETRATIONS NOT 
COVERED BY DESIGN BASED ON STRESS ANALYSIS, THE LOCAL 
SHELL MEMBRANE STRESS SHALL BE: 

P. + P^ < 1 . 5 SE 
D m — 

NOTE: E IS JOINT EFFICIENCY 

IN REGIONS OF THE PRESSURE SHELL WHERE DIVISION 1 DOES NOT 

co::tain rules to cover all details of design (ref. * 

U~2(g)), ADDITIONAI ANALYSES WERE PERFORMED UTILIZING THE 
GUIDELINES OF THE /loME CODE, SECTION VIII, DIVISION 2, 

APPENDIX 4, "DESIGN BASED ON STRESS ANALYSIS." THE BASIC 
STRESS CRITERIA FOR DIVISION 2 IS REPRESENTED IN FIGURE 
4-130.1 AND RESTATED BELOW INDICATING ANY MODIFICATIONS OR 
EXCESS REQUIREMENTS APPLIED TO IT TO REMAIN WITHIN THE 
INTENT OF DIVISION 1 AND TO OBTAIN A DIVISION 1 STAMP. 

A. GENERAL PRINCIPAL MEMBRANE STRESS 
MAXIMUM ALLOWABLE STRESS 

S = 18.2 KSI (-320°F TO +150°F) 

S = 17.7 KSI (-320°F TO +200°F) 

MAXIMUM ALLOWABLE STRESS INTENSITY 

S = 20.0 KSI (-320°F TO +300°F) 
m 

B. PRIMARY GENERAL MEMBRANE STRESS INTENSITY 

Pm < 
m m 

AND IN ORDER TO COMPLY WITH DIVISION 1, THE MAXIMUM 
PRINCIPAL MEMBRANE STRESS MUST BE: 

Pm* < S 

m — 

NOTE: THE * IS USED TO DENOTE THAT MAXIMUM PRINCIPAL 

STRESSES ARE TO BE COMPUTED FOR THE GIVEN LOADING 
CONDITION. THE INTENT IS TO DETERMINE THE STRESSES WHICH 
REPRESENT THE HOOP STRESSES AND MERIDIONAL STRESSES WHICH 
ARE THE STRESSES USED IN DIVISION 1 COMPUTATIONS. 


1 


1 


i 


I 




C. DESIGN LOADS, PRIMARY LOCAL MEMBRANE STRESS INTENSITY 

Pl^^-5 

NOTE: LOCAL MEMBRANE STRESS INTENSITY IS DEFINED IN 

ACCORDANCE WITH DIVISION 2, 

APPENDIX 4-112(i). THE TOTAL M ERIDI ONAL 
LENGTH IS CONSIDERED TO BE 1.0 VW. 

D. DESIGN LOADS, PRIMARY LOCAL MEMBRANE PLUS PRIMARY 
BENDING STRESS INTENSITY 


E. OPERATING LOADS, PRIMARY PLUS SECONDARY STRESS 
INTENSITY 

Pl ♦ Pb ♦ Q < 3 S^ 


3. A FATIGUE ANALYSIS WAS CONDUCTED IN ACCORDANCE WITH 
SECTION VIII, DIVISION 2 WITHOUT MODIFICATION. 

4. HYDROSTATIC TEST CONDITION DESIGN CONSIDERATIONS 

A. PRESSURE SHELL 

IN ACCORDANCE WITH DIVISION 1 OF THE ASI'I CODE, 

DESIGN ANALYSIS OF THE PRESSURE SHELL FOR THE 
HYDROSTATIC TEST CONDITION IS NOT REQUIRED. 

HOWEVER, IN ORDER TO PROVIDE A SATISFACTORY 
ENGINEERING DESIGN FOR THE PRESSURE SHELL SPECIAL 
EMPHASIS WAS GIVEN, AS PROMPTED BY NOTE (1) np 
SECTION VIII, DIVISION 1 OF THE ASME CODE, TO FLANGES 
OF GASKETED JOINTS OR OTHER APPLICATIONS WHERE SLIGHT 
AMOUNTS OF DISTORTION CAN CAUSE LEAKAGE OR 
MALFUNCTION. EXAMPLES OF THESE AREAS ARE THE PLENUM, 
PLENUM ACCESS DOORS, PLENUM ACCESS DOOR 
REINFORCEMENT, THE BULKHEADS, AND BULKHEAD FLANGES. 

B. SUPPORT RINGS 

DESIGN OF THE PRESSURE SHELL SUPPORT RINGS, INCLUDING 


ix 


THE CORNER RINGS, FOR THE HYDROSTATIC TEST CONDITION, 
COMPLIES WITH THE FOLLOWING- 

(A) THE COMBINED VALUE OF THE SHELL CIRCUMFERENTIAL 
PRESSURE STRESS, S^ AND SHELL. 

BENDING STRESS Sj, RESULTING FROM ACTION OF A 

PORTION OF THE SHELL AS AN 

INNER FLANGE OF THE RING, SHALL NOT EXCEED 0.8 
WELD YIELD STRESS: 

+ S 2 ^ 0.8 WELD YIELD STRESS, 

WHERE, FOR SUPPORT RINGS NOT ANALYZED BY FINITE 
ELEMENT TECHNIQUES, 

Si = ^ ^H’ ^H INCLUDES HYDROSTATIC 

HEAD CORRECTION, AIID 


S 2 = RING BENDING STRESS AT INNER FLANGE, BASED 

ON AN EFFECTIVE WIDTH OF THE PRESSURE 
SHELL ACTING AS AN INNER FLAN’GE OF THE 
RING OF i.l I-nJLTIPLIED BY THE 
SQUARE ROOT OF D, T. 

(B) THE BENDING STRESS, S 2 P ON THE OUTSIDE FLANGE 

SHALL NOT EXCEED .9 WELD YIELD 
STRESS. (IN THE COMPUTER AiJALYSIS ALL 
LOADl.’JG CONDITICNS ARE LIMITED TO 
.9 Sy ON THE OUTE^ FLANGE.) 

(C) BRACKETS AND SUPPORT PAD V/ELDMEiriS 

THE DESIGN FOR ALL LOADING CONDITIONS IN'CLUDING 
THE HYDROSTATIC TEST CONDITION OF THOSE PORTIONS 
OF BRACKETS AND SUPPORT PAD V/ELDMENTS WHICH ARE 
ATTACHED TO THE PRESSURE SHELL BUT NOT ON THE 
SURFACE OF THE SHELL SHAI.L COMPLY WITH THE 
REQUIREMENTS OF THE AISC CODE, I.E. MAXIMUM 
STRESS IN TENSION EQUALS .6 S^, ETC. 
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FIGURE 1 


NTF OPERATIOriAL PROFILE 









NTF WEEKLY OEERATIOTIAL SCHEDULE 



AT1BIENT 
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CASE III - BASIC RESEARCH 
PRESSURE PROFILE 




CASE III - BASIC RESEARCH 
TEIu^RATURE PROFILE 
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OPERATIONAL PROCEDURES 
FOR 

MINIMIZING MOISTURE IN THE HTF 
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INDEX 


CASE 

CASE 

CASE 


A - CONSTRUCTION PHASE 
B - INITIAL STARTUP AND COOLDOVJN 


C - CRYOGENIC CONDITION- 
ENTIRE TUNNEL ACCESS' 


O AMBIENT CONDITION FOR 
CRYOGENIC CONDITION 


1. Weekend, annuel, and as required Inspect ionr. . 

2. Repair and maintenance as required. 

3. Ambient test follbv.'ing a cryogenic test. 

4. Cryogenic tests. 

CASE D - CRYOGENIC COrJDITION ANEIE:;T CCI.DITKN: FOR 

TEST SECTION AMD rLENTJM ACCFSS ON’LV CRYO^";;iC 

CONDITION 

1. Model modif ic.it ions/chcingcs during rece.irch cest 
programs . 

2. Inspection, repair, and maintcnrince of test- 
section, plenum, and model support apparatus 
as required. 


CASE E - CRYOGENIC CONDITION • 
MODEL ACCESS HOUSING 


MODEL ACCESS THROUGH 
CRYOGENIC CON'DITION 


1. Model adjustments during re scare Ti test program. 

2. Model inspection, repair, and maintenance as 
required. 

CASE F - AMBIENT CONDITION FOR ENTIRE TUNNEL ACCESS 

AUniENT TEST — — ~ AMP-TEHT rONDTTTON FOP ENTIRE. 
TUNNEL ACCESS 

1, Ambient tests. 

2. Model change/modif ication/ad j uGlriu'u t during 
research test programs. 


NOTE; 


3. Inspection, repair, and maintenance ai: required. 
(TBD) indicates that a number is to be determined. 


NOTE: . Many of these proccduroc imply manurjl operation.s but in 
reality will bo automatic control operations. 


DESCRIPTION OF PROCEDURES 



CASE A - CONSTRUCTION PHASE 

During the construction and installation phases it is highl 
improbable that the tunnel shell interior and the insulation 
system can be completely pi’otected from Immid environments. 

It is recommended that once the shell is complete and 
installation of the insulation commences, all tunnel shell 
openings to the outside environment be closed ’.nd work occur 
through only those accesses exposed to the environment inside 
the building (such as the test section) vjhich is conditioned 
by air conditioning and heating. It is recommended that 
relative humidity of this conditioned enviror.ment not excce i 
about 50 percent. This will prevent the insulation, upon 
being installed, from experiencing the very high relative 
humidities often occurring in the Tidewater area. 
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CASE B - INITIAL STARTUP AND COOLDOWN 


20 


1 


1 


11 Close and secure all tunnel accesses (includinc 
exhaust valve). 

2. Open vacuum system valve and evacuate tunnel to about 

psia pressure. 

3. Close vacuum system valve and backfill tunnel to about 
one atmosphere with dry heated air. 

4. Repeat stepsQ2 and 3 until tunnel dewpoint is down 
to about 435°R. During this time maintain tunnel 
stream temperature above dev;point temperature. 

5. Op*en vacuum system valve and evacuate tunnel to about 
0,3 psia pressure. 

6. Close vacuum system valve. 

7. Start fan and operate at minimum speed. 

8. Open LN 2 valve and inject LI.' into tunnel at lov: mass 
flow rate. 

9. V/hen pressure increases to about one atmocpl;!: , open 
exhaust valve to maintain constant pressure iri order 
to purge system. 

10. Never allovj stream temperature to exceed 635^R. 

11. Purge system by maintaining constant pressure for at 

least (TBD) hours wit^ a stream dev, ’point 

temperature of below 420^R. 

12. Maintain stream temperature above dev/point of gtream 
until dewpoint temperature decreases belov; 380°R 

and stream oxygen level less than (TBD) percent by 

volume . 

Att..in test conditions by controlling LU 2 flov; rate, 
fan speed and pressuie. 



13 . 


CASE C - CRYOGENIC CONDITION — AMBIENT CONDITION FOK 
ENTIRE TUNNEL ACCESS — — CRYOGENIC CONDITION 

I. CRYO TO AMBIENT 


1. Close LN2 inlet valve. 

2. Operate fan such that stream is heated and 

maintained at about (TBD) R for at least 

(TBD) hours to vwrn tunnel inter Lor. 

Maintain tunnel pressure at about one 
atmosphere. 

3. If at end of a week, shut off fan and allow tunne.l 
to warm up over vjeckend v/ithout opening. Assure 
that exhaust vi.lve is closed. 

4. If not at end of week, continue heating tunnel 

as in step 2 until liner and insulation consicki-'.d 
sufficiently v:arm for opening tunnel. 

5. Shut off fan and close cxliaust valve. 

6. Open vacuum system val\’o and ev.icu-ite 1unii:;l 

to pslg v;i th vacimn system. 

7. Close vacuum system valvf; and repror r.uri/ie 
tunnel to about one atinosuher'.' v;j tli 'Iry, he. < ted 
air . 


8 . 


9. 


Repeat steps 6 and 7 until oxygen levc.-l in tunnel, 
is at least 20 percent by volume. 


Open doors to tunnel and perform insi>ection, 
repair and maintenance as i-’equirod. During 
this time maintain oxygen level at 20 percent 
or above by volume and air temperature above 
500°R by maintaining a positive pressure 
in the tunnel with dry, heated air. 


10. During any time the fan is not turning and the 
tunnel contains dry, heated air, maintain a 
poFit-ive pressur'' in tunnel \n‘ tb the 

dry air. 
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AMBIENT TO CRYO 


1. Close and secure all tunnel accesses. 

2. Close dry air inlet valve. . 

3. Open valve to vacuum system and evacuate tunnel 

to aboutj^ psia. Close vacuum system valve. 

4. Start fan and operate at minimum speed, 

5. Open LNj inlet valve and inlet LN^ at low 
mass flow rate. . 

6. Open exhaust valve to maintain pressure at about 
15 psia. 

7. Maintain stream temperature above dev;point of 
stream until dev;point of stream decreases belov; 

38C°R and oxygen level decreases belov; (TBD) 

percent by ' -^lume. 

8. Never allow stream temperct uru to exceed f.35°K. 

9. Attain test conditions by controlling LN2 mass 
flow rate, fan speed, and pressure. 


^ WOB QUaUiy 



CASE D - CRYOGENIC CONDITION AMBIENT CONDITION FOR 

TEST SECTION AND PLENUM ACCESS ONLY ■' a*" 

CRYOGENIC CONDITION 

I. CRYO TO AMBIENT 

1. Close LNj inlet valve, 

2. Close exhaust valve. 

3. Shut off fan. 

4. Close and secure, gate valves . 

5. Relieve plenum and test’ section of pressure to 
one atmosphere through plenum pressure control 
valve. 

6. Purge plenum and test section v.’ith (TED) lbs per 

second mass flow of dry, heated air until oxygen 
content level reaches at least 20 percent by volume 
and until metal surfaces to be contacted v;arm 
sufficiently, depeneJing on v;ork to be performed. 

7. Adjust dry air inlet mass flov; rate as required 

in order to maintain a (TBD) psia po.sirive 

pressure, an air temperature of above 500°R, 
and an oxygen level of at least 20 percent by 
volume vjhile working in the test section and 
plenum volume. 

8. Perform v;ork as required. 

II. AMBIENT TO CRYO 

1. Close and secure test section and plenum doors. 

• 2. Close dry air exit and inlet valves. 

3. Open gate valve bypass valve and pressurize plenum 

and test section with cold GN^ from tunnel. 

4. Open gate valves. 

5. Start fan and slow]y increase speed. 

6. Attain test conditions by controiling LN- flow 
rate, fan speed, and pressure. 


ORIGINAL PAGE IS 
OE POOR QUALITY 


"Vi I r j I I > 

• • 

CASE E - CRYOGENIC CONDITION MODEL ACCESS VIA MODEL 

ACCESS HOUSING ^ CRYOGENIC CONDITION 

I. CRYO TO MODEL ACCESS HOUSING INSERTION 

1. Close LNj inlet valve. 

2. Close exhaust valve. 

3. Shut off fan. 

4. Close and secure gate valves. 

5 . Relieve plenum ahd test section pressure to one 
atmosphere through plenum pressure control valve. 

6. Condition model access housing tubes with warm, 

dry air. 

7. Open plenum and test section doors. 

8. Insert and seal model access housing tubes. 

9. Circulate warm, dry air througli housing such that 
oxygen level is maintained to at least 2U perccrnt 
by volume and tenpt-raturc maintained above 500 K. 

10 . Perform model adjustnent/inspoction as required. 

II. MODEL ADJUSTMENT/ INSPECTION TO CFYO 

1 . Close doors to housing such that dry air 
environmen'^ in housing is maintained once 
personnel are evacuated, 

2. Retract housing tubes. 

3. Close and secure test section and plenum doors. 

4. Open gate valve bypass valve and pressuri^io 
plenum and test section -with cold GN2 from 
tunnel. 

5 . Open gate valves. 

6. Start fan and slowly increase speed. 

Attain test conditions by controlling LN^ 
flow rate, fan speed, and pressure. 
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CASE r - AMBIENT CONDITION FOR ENTIRE TUIWEL ACCESS — c»- 
AMBIENT TEST ^ AMBIENT CONDITION FOR ENTIRE 

TUNNEL ACCESS 

I. AMBIENT CONDITION TO AMBIENT TEST 

1. Close and secure all tunnel accesses. 

2* Close dry air inlet valve. 

3. Start fan. 

4. Attain test conditions by controlling fan speed, 
cooling coil water flow, and pressure. 

5. Perform test. 

II. AMBIENT TEST TO AMBIENT CONDITION 

1. Shut off fan. 

2. Open dry air inlet valve to maintain positive- 

pressure of (TDD) psia in tunnel. 

3. Before entering tunnel, assure tliat oxygen 
content is at leant 2g percent by volum*- and 
temperature above 500 R. 
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It was assumed that the 304 stainless steel thennal stresses would be the 
same as the 91 nickel thermal stresses. Revised thermal stresses affect 
only two general locations In the tunnel with a >50-year life requirement. 
These locations are (1) reinforcement around the 9 x 12 openings and (2) 
all external structural vacuum and support rings. The peak surface 
stress used In both 91 nickel and 304 stainless steel designs was 26 ksl 
for a "temp-mat" Insulation. 

For 91 nickel, a thennal gradient stress of 11.3 ksl and a worse case 
thennal profile of AT = 40®F from top to bottom of shell would yield 
an additional very conservative (based on liquid pooling analysis) 
stress of 12.0 ksl. Calculations have Indicated the AT might really be 
20^F and the liquid pooling analyses Is too conservative; however, the 
difference of 23.3 ksl rather than the 26 ksl would provide a minor gain 
In life for 9% nickel. 


The attached sheets show the average thermal expansion coeffificents 
would be 5.5 x 10*^ (91 nickel) and 7.3 x 10” (304 stainless steel). 

The calculation of the ratio of these coefficients times the ratio of 
the moduli of elasticity times the 23.3 ksl 91 nickel thermal stress 
provides a 304 stainless steel thermal stress of 32.0 ksl. The life 
Impact on the 304 stainless steel shell due to the 32 ksl stress rather 
than a 26 ksl stress Is as follows: (1) 9 x 12 openings reinforcement, 

48 years rather than the previously reported >50-year life; and (2) 
all external vacuum support rings, 46 years rather than the previously 
reported >50-year life. 


The new baseline "Rohacell" Insulation practically eliminates thermal 
stresses for either 91 nickel or 304 stainless steel shells. 

8«ie//<fc /: a. atissj cc-H 


Z.-=l D-f 7.0. 



Coefficient of Linear Expansion of Several Materials 
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Selected Thermal Properties of Some Steels 


1MX Wcktl SiMl 
Tlofmal Cipamton CotfficiMl 


Il»4l00*f 

ilSal0-*M./io./^ 

Tkarmal CMd«ieti«ity 


{ -IS0'F(ffl«M) 

IM Ito'io. hr./ti>/*F 

4tt‘F(m«in) 

253110 in, hi. ni '7 

1 *100’F (niMn) 

270 Ito in. hr. lt» '*F 

1 SfKik Nte 

• 

-ISOM.NF 

o.miio ib./'F 

4Mit.iooor 

0.147 Ito Ib. ’F 

' 

IKNiclMlStMl 


Tbtrmtl Eipantion CMnieient 


At loom lemptratuif 

5.1 1 10 *in. in. "F 

300 to 0 F (iv| ) 
•300 10 -200 F(a«|) 

5.3iia »in. in. ‘f— 

M-300 F 

4.0 a 10'* in. m./'F ! 

Thoima' Condu:ti«il> 


•-320 F 

91.3 81V in. hr. ft< *F 

150 r 

IW.O Btu in hr. ft»/*F 

-«r 

189.0 Btu in. hr. I|», =F 

•200 F 

209.0 Btu in. hr. ft* ’7 

Spocific Htal 

j 

j 

•320IO -eO F 

0.087* Btu lb F (avg ) 

•MIO- 700 F 

0.119 Btu lb. F(av| ) 

304 Stainicu Sifft 


Thtimal’Cipansion Cotfficicnt 

1 

•3210 .212 F 

9.6 a lO'* in. in..''F ! 

■ 300 to - 73 F (mean) 

7.3al0-*in m. F ! 

1 • 70 to - 1000 F (mean) 

10.0 1 10 * in. in.. 'F j 

at • 300 F 

59 1 10**m. m./’F 

1 1 
Thermal Conductivity I 

i 

1 

-320 F 

56.4BlU'in,,'hr.,.ft»/’F 

-155 F 1 

99.0 Btu m. hr. It* ‘F 

-70F i 

113.0 Btu in hr ft*. F j 

-600 F 

l?0 0Btu in hr. ! 

Specific Heal 

1 

1 

-320 F 

0.037 Btu It ’F (avg.) , 

-150 F 

0.088 Biu lb F (avg ) | 

10 F 

0.120 Blu lb "F (avg ) j 
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NTF QC PROGRAf'l FOR CONSTRUCTION - ASME CODE 
• EQUIVALENT SECT. 8 DIV. 2 & SECT. 3 



